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[57] ABSTRACT

A resin composition of a thermoplastic resin and long
fiber is injected into a molded article having good phys-
ical properties by molding the composition in the form
of a pellet having a length of 3 mm or more and contain-
ing 10 to 80% by weight, based on the composition, of
a fiber having a length substantially equal to that of the
pellet and arranged in the lengthwise direction of the
pellet, characterized by using an injection molding ma-
chine having a nozzle diameter of 6 mm or more.

7 Claims, No Drawings
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INJECTION PROCESS FOR LONG FIBER-
CONTAINING RESIN

The present invention relates to a method of injec-
tion molding of a thermoplastic resin composition rein-
forced with a long fiber, and a molded article produced
by said method. In particular, the present invention
relates to an injection molding method for producing a
molded article having excellent strength, rigidity, im-
pact resistance, dimensional accuracy, surface smooth-
ness, etc. by taking advantage of features of a
thermoplastic resin composition reinforced with a long
fiber, and also relates to a molded article.

Prior Art

A resin composition reinforced with long fibers pre-
pared by pultrusion, filament winding or the like and
doubled, or a molded article thereof is favorable for
improving the strength, rigidity, impact resistance, etc.
of the resin through utilization of the features inherent
in the long fiber to the maximum. In most of the above-
described long fiber-reinforced resin compositions or
molded articles thereof, a thermosetting resin has hith-
erto been used as a base resin because the fiber can be
easily impregnated therewith. In order to use a thermo-
setting resin as the base resin, however, it was necessary
to provide a step of reacting and curing the base resin,
which brought about problems of poor molding effi-
ciency (productivity) and limited shape of the product,
thus lacking in versatility. On the other hand, when the
base resin is a thermoplastic resin, no sufficient impreg-
nation of the fiber with the resin can be attained because
the viscosity of the resin is high, so that the fiber and the
resin easily separate from each other, which unfavor-
ably spoils the moldability of the resin or makes it im-
possible to attain any sufficient reinforcing effect of the
fiber, i.e., renders this resin unsuitable for practical use.
However, with progress in the impregnation technique
in recent years, in particular improvement in the appa-
ratus for impregnation, it has become possible to pre-
pare a long fiber-reinforced resin composition compris-
ing a thermoplastic resin as the base resin and a fiber
successfully impregnated with the resin, so that the
thermoplastic resin has come to draw attention
abruptly.

However, the long fiber-reinforced thermoplastic
resin composition potentially having very excellent
properties had a problem that the excellent properties
were lost during molding because no injection molding
technique capable of keeping the features of the compo-
sition intact has been established. Specifically, when the
above-described long fiber-reinforced thermoplastic
resin composition is molded by conventional injection
molding technique known in the art, the fiber is broken
during molding, which causes the features attained by
the reinforcement with a long fiber to be lost, so that no
significant difference in the properties is observed be-
tween molded article thereof and that of the short fiber-
reinforced resin composition. For this reason, an im-
provement in the molding technique is necessary for
preparing a molded article having further improved
strength, rigidity, impact resistance, deformation resis-
tance, surface appearance of molding, etc. through utili-
zation of the features of the long fiber-reinforced ther-
moplastic resin composition.

The present inventors have made intensive studies on
a molding method for preparing a molded article having
further improved strength, rigidity, impact resistance,
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deformation resistance, etc. through sufficient utiliza-
tion of the features inherent in the long fiber-reinforced
thermoplastic resin composition, which has led to the
completion of the present invention.

Accordingly, the present invention relates to a
method of injection molding of a long fiber-containing
thermoplastic resin composition by molding a thermo-
plastic resin composition in the form of a pellet having
a length of 3 mm or more and containing 10 to 80% by
weight, based on the composition, of a fiber having a
length substantially equal to that of the pellet and ar-
ranged in the lengthwise direction of the pellet, charac-
terized by using an injection molding machine having a
nozzle diameter of 6 mm or more, and also relates to a
molded article prepared by said method.

At the outset, the molding method employed in the
present invention will be described.

The molding method of the present invention has
been accomplished for the purpose of providing a
molded article having high strength, rigidity, impact
property, etc. through utilization of excellent properties
inherent in the long fiber-reinforced thermoplastic resin
composition and has the following features.

First of all, in the molding method of the present
invention, it is necessary to use an injection molding
machine wherein the nozzle diameter is 6 mm or more.
It has been found that when use is made of a molding
machine wherein, as with conventional general injec-
tion molding machines, the nozzle diameter is below the
above range and 2 to 5 mm, the fiber is severely broken
in the nozzle section during injection of a molten resin
composition, which makes it impossible to prepare the
intended molded article having high strength, rigidity
and impact strength. There is no limitation on the upper
limit of the nozzle diameter, and the upper limit may be
large as far as it is within a range acceptable when the
relationship with the cylinder diameter of the molding
machine is taken into consideration. The preferred noz-
zle diameter depends also on the cylinder diameter and
it is preferred that the molding is conducted by making
use of a molding machine wherein the nozzle diameter
to cylinder diameter ratio is 0.13.

In the present invention, it has been found that the use
of a molding machine having a screw channel depth of
the molding machine of 5 mm or more along substan-
tially the whole length of the screw and 7 mm or more
at least in the feed section besides the above-described
requirement for the nozzle diameter is more useful.
When use is made of a molding machine wherein, as
with conventional general injection molding machines,
the screw channel depth is 2 to 5 mm in the metering
section (usually the shallowest section) and 4 to 7 mm in
the feed section, the adverse effect of the breaking of
the fiber in the screw section during plasticization and
kneading on the property of the molding cannot be
ignored. The upper limit of the screw channel depth
may be large as far as it is within a range acceptable
when the relationship with the screw diameter or the
strength is taken into consideration. The molding is
preferably conducted by making use of an injection
molding machine wherein the screw channel depth is
6.5 mm or more along substantially the whole length of
the screw and 8.5 mm or more at least in the feed sec-
tion. It is preferred that the screw channel depth to
cylinder diameter ratio is 0.1 or more along the whole
length of the screw and 0.14 or more at least in the feed
section.



5,041,258

3

Further, the use of a molding machine having a screw
length (L) to diameter (D) ratio of 7 to 15 is also useful.
Molding with a molding machine having a screw length
(L) to diameter (D) ratio of less than 7 renders plastici-
zation and kneading insufficient while when the length
(L) to diameter (D) ratio of the screw is 15 to about 25
like in an ordinary injection molding machine, the fiber
is broken during kneading, which somewhat spoils ex-
cellent properties of the long fiber-reinforced composi-
tion. The screw length (L) to diameter (D) ratio is still
preferred.

Use of a screw having a compression ratio of less than
1.8 is also preferred.

In the present invention, when a thermoplastic resin
composition reinforced with a long fiber is molded
merely by using an injection molding machine im-
proved as described above, the breaking of the fiber
during molding is reduced to enable the preparation of
a molded article having excellent strength, rigidity,
impact property, etc. However, in order to prepare a
molded article having further improved characteristics,
it is preferred to adopt the following molding condi-
tions.

One of the preferred molding conditions is to conduct
metering and plasticization of the resin composition at a
screw revolution of 20 to 50 rpm and a screw back
pressure of 0 to 50 kg/cm?2. When the screw revolution
is less than 20 rpm, it takes much time to meter and
plasticize the resin, which is unfavorable from the view-
point of moldability, particularly molding cycle. On the
other hand, when the screw revolution is as high as 50
to 200 rpm like in an ordinary molding, the adverse
effect of the breaking of the fiber on the properties of
the molded article becomes unnegligible. With regard
to the back pressure as well, it is impossible to avoid a
lowering in the properties to some extent due to break-
ing of the fiber when the back pressure is 50 to 100
kg/cm? generally used in the art. The back pressure is
preferably 0 to 30 kg/cm?2. Another preferred molding
condition is to conduct the molding at an injection
speed (a screw advance speed) of 0.2 to 1.0 m/min.
When the injection speed is very low, the moldability
such as molding cycle and packing becomes poor, while
when the injection speed is 1 to 10 m/min generally
used in the art, it is impossible to avoid the adverse
effect of the breaking of the fiber on the properties of
the molded article. The resin temperature for injection
molding is preferably somewhat above the resin tem-
perature generally used in the art for the molding of a
fiber-reinforced resin composition.

There is no particular limitation on other structures
of the molding machine and molding conditions which
have not been referred to in the above description, and
they may be properly selected from structures of mold-
ing machines and molding conditions known in the art.

The long fiber-containing thermoplastic resin compo-
sition used in the molding according to the present
invention will now be described.

The long fiber-containing thermoplastic resin compo-
sition used in the present invention is a composition in
the form of a pellet having a length of 3 mm or more
and containing 10 to 809 by weight, based on the com-
position, of a fiber having a length substantially equal to
that of the pellet and arranged in the lengthwise direc-
tion of the pellet, for example, one prepared by a
method such as pultrusion. Use of a composition in the
form of a pellet having a length of 5 mm or more is
particularly preferred.
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There is no particular limitation on the thermoplastic
resin as the base, and any known thermoplastic resin
may be used. Examples of the thermoplastic resin in-
clude olefin polymers (such as polyethylene and poly-
propylene), acrylate or methacrylate-polymers (such as
polvmethyl methacrylate), polystyrene, AS resin, ABS
resin, polyacetal, ,polyamides (such an nylon 6 and
nylon 66), polyesters (such as polyethylene terephthal-
ate and polybutylene terephthalate), polycarbonates,
polyphenylene sulfides, and polyurethanes. The above-
described resins may be those modified by any known
method such as crosslinking. Further, it is also possible
to use the above-described resins in a combination of
two or more of them.

The fiber may be any of known fibers such as glass
fibers, carbon fibers, silica fibers, silica- alumina fibers,
boron fibers, boron nitride fibers, potassium titanate
fibers, metallic fibers, and heat-resistant polymeric fi-
bers. It is also possible to use them in a combination of .
two or more of them. Glass fibers, carbon fibers, and
heat-resistant polymeric fibers are particularly pre-
ferred. The content of the fiber is 10 to 80% by weight
based on the composition. When the fiber content is less
than 10% by weight, no sufficient improvement can be
attained in the strength, rigidity, impact strength, etc.,
while when the content exceeds 809 by weight, it
becomes very difficult to conduct molding. In particu-
lar, when the molding method of the present invention
is applied to a resin composition containing a long fiber
in a concentration of 30 to 70% by weight based on the
composition, a significant effect can be attained. Specifi-
cally, the breaking of the fiber, i.e., a drawback of the
conventional molding method, can be prevented, which
realizes a remarkable improvement in the strength, ri-
gidity, impact strength, etc. of the molding and further
favorably brings about an advantage of freedom from
molding failure.

The long fiber-reinforced resin composition of the
present invention may contain known substances gener-
ally added to a thermoplastic resin, e.g., stabilizers such
as antioxidants and ultraviolet absorbers, antistatic
agents, flame retardants, colorants such as dyes and
pigments, lubricants, crystallization promoters, nucleat-
ing agents, and particulate or flaky inorganic fillers such
as carbon black, glass beads, powdery glass, glass flakes,
silica, and mica.

The injection molding method according to the pres-
ent invention greatly prevent the breaking of a fiber
during molding, which enables preparation of a molded
article having excellent strength, rigidity, impact resis-
tance, dimensional accuracy, surface smoothness, etc.
through sufficient utilization of the properties inherent
in a long fiber-containing thermoplastic resin composi-
tion and therefore renders the present invention very
useful. This can serve to significantly widen the range
of application of a long fiber-containing thermoplastic
resin composition.

EXAMPLES

The present invention will now be described in more
detail by way of the following Examples, though the
present invention is not limited to these only.

EXAMPLES | TO 11 AND COMPARATIVE
EXAMPLES 1 TO 7

Long-fiber-reinforced thermoplastic resin composi-
tions listed in Tables 1 to 3 (all the compositions having
been prepared by pultrusion in a pellet form of 12 mm in
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length, and the fiber length being substantially equal to dispersed fiber length: a molded piece for tensile test
the length of the pellet) were subjected to injection was provided, the resin was decomposed and re-
molding by a molding method satisfying the require- moved, and the remaining fiber was observed by a
ments of the present invention as specified in the Tables. universal projector to measure the fiber length.
The results of evaluation on the properties etc. are 5  warpage of molded article: a flat plate of 120 mm
shown in Tables 1 to 3. square and having a thickness of 2 mm was molded,

For comparison, the results of evaluation on the and the degree of warpage of the molded article
molded article prepared by molding the same resin was observed with the naked eye to conduct rela-
composition as that used in the Examples by the con- tive evaluation. .
ventional molding method known in the art and the surface appearance (roughness): the above- described
results of evaluation on the molded article prepared by molded piece (flat plate) was observed with the
molding a short fiber-reinforced thermoplastic resin naked eye to conduct relative evaluation of the
composition known in the art by the molding method surface smoothness (roughness).
satisfying the requirements specified in the present in- As is apparent from the results, the molding method
vention are also shown in Tables 1 to 3. 15 of the present invention exhibits a special effect when

The properties were evaluated by the following mea- used in the moulding of a thermoplastic resin composi-
suring methods. tion reinforced with a long fiber.

tensile strength and elongation: according to ASTM EXAMPLES 12 TO 19 AND COMPARATIVE

D-638
modulus in bending: according to ASTM D-790 EXAMPLE 8
Example 1 was followed, except for material and

impact strength: according to ASTM D-256
processing conditions listed in Table 4. Results are

shown in Table 4.
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TABLE 1
: Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex 4 Ex. § Ex. 1 Ex. 2 Ex. 3
Composition
polypropylene (wt %) 40 40 40 40 40 40 40 40
glass fiber (wt %) 60 60 60 60 60 60 60 60

pellet length (mm) 12 12 12 12 12 12 12 12
Molding machine

nozzle diameter (mm) 8 8 8 8 8 3 3 k)
screw channel depth: 6.2/2.8 10.5/7.7 10.5/7.7 10.5/1.7 10.5/7.7 6.2/2.8 6.2/2.8 62,28
feed section/metering section (mm)
screw length (L)/diameter (D) 2 21 11 11 11 21 21 21
compression ratio 2.1 1.3 L3 1.3 1.3 2.1 2.1 21
Molding conditions
screw revolution (rpm) 30 30 30 100 30 30 100 30
back pressure (kg/cm?) 0 0 0 75 0 0 75 0
injection speed (m/min) 0.5 0.3 0.5 0.5 5 0.5 0.5 5
Results of evaluation
tensile strength (kg/cm?) 672 718 740 695 701 570 562 574
tensile elongation (%) 0.6 0.7 0.7 0.7 0.7 0.5 0.5 0.5
modulus in bending (kg/cm?) 13% 10° 13 x 100 13 x 104 13 x 10* 13 x 10 13 x 104 13 x 10 13 % 10*
impact strength (kg - cm/cm) 19 23 25 22 23 7 11 10 11
dispersed fiber length (mm) 43 >5 >5 +.7 4.7 2.6 23 2.4
warpage small very small  very small small ~ small ~ large large large
(medium) (medium)
surface smoothness good good good good good poor poor poor
TABLE 2
Comp Comp Comp.
Ex. 6 Ex. 7 Ex. 8 Ex. 4 Ex. 5 Ex. 6
polybutylene terephthalate (wt %) 60 60 60 60 60 60
glass fiber (wt %) 40 40 40 40 40* 40*
peilet length (mm) 12 12 12 12 3 3
nozzie diameter (mm) 8 8 8 3 8 3
screw channel depth: 6.2/2.8  10.5/7.7 10.5/7.7 6.2/2.8 10.5/1.7 6.2/2.8
feed section/metering section (mm)
screw length (L)/diamter (D) 21 21 11 21 11 2]
compression ratio 2.1 1.3 1.3 2.1 1.3 2.1
Molding conditions
30 30 30 30 30 30

screw revolution (rpm)
back pressure (kg/cm?) 0 0 0 0 0 0

injection speed (m/mun) 0.5 0.5 0.5 0.5 0.5 0.5
Results of evaluation

tensile strength (kg/cm?) 1379 1404 1427 1300 1330 1325
tensile elongation (%) 1.7 1.8 1.8 1.3 1.5 1.5
modulus in bending (kg/cm?) 13 % 104 13 % 104 13 < 107 13 % 10% 12 % 10 12 < 10
impact strength (kg - cm/cm) 28 31 32 23 13 12
dispersed fiber length (mm) 4.2 >S5 >5 25 <1 <1
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TABLE 2-continued
Comp. Comp. Comp.
Ex. 6 Ex. 7 Ex. 8 Ex. 4 Ex. 5 Ex 6
warpage small small very small large large large
surface smoothness good good good poor poor poor
Note:
*short fiber (average fiber length in pallet: 0.32 mm)
TABLE 3
Comp.
Ex. 9 Ex. 10 Ex. I Ex. 7
Composition
polyvethylene terephthalate (wt ©¢) 60 60 60 60
glass fiber {wt ) 40 40 40 10
pellet length (mm) 12 12 12 12
Molding machine
nozzle diameter (mm) 8 8 8 3
screw channel depth: 6.2/2.8 10.5/7.7 10.5/7.7 2720
feed section/metering section (mm)
screw length (L)/diameter (D) 21 21 11 21
compression ratio 21 1.3 1.3 21
Molding conditions
screw revolution (rpm) 30 30 30 30
back pressure (kg/cm?) 10 10 10 10
injection speed (m/min) 0.5 0.5 0.5 0.5
Results of evaluation
tensile strength (kg/cm?) 1921 2047 2100 1600
tensile elongation (%) 1.3 1.4 1.4 1.2
modulus in bending (kg/cm?) 147 x 10% 145 104 147 x 100 145 x 10¢
impact strength (kg - cm/cm) 19 21 22 15
dispersed fiber length (mm) 4.6 >5 >5 2.7
warpage small very small  very small large
surface smoothness good good good poor
TABLE 4
‘ Comp.
Ex. 12 Ex. 13 Ex. 14 Ex. 15 Ex. 16 Ex. 17 Ex. 8 Ex. 18 Ex. 19
Composition
polypropytene (wt <) 40 40 40 40 60 60 60 60 60
glass fiber (wt %) 60 60 60 60 40 40 40* 40 40
pellet length (mm) 12 12 12 12 12 12 3 12 12
Molding machine
screw channel depth: 10.5,7.7  10.5/7.7  10.5/7.7 105/7.7  10.5/7.7  10.5/7.7 10.5/7.7 10.5/7.7 10.5/7.7
feed section/metering
section {mm)
serew length (L)/diameter (D) 21 11 11 11 21 11 11 21 11
compression ratio 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Molding conditions
screw revolution (rpm) 30 30 100 30 30 30 30 30 30
back pressure tkg/cm?) 0 0 75 0 0 0 0 10 10
injection speed (m/min) 0.5 0.5 0.5 5 0.5 0.5 0.5 0.5 0.5
Results of evaluation
tensile strength (kg/cm?) 658 697 654 662 1357 1392 1335 1850 1970
tensile elongation (%) 0.6 0.6 0.6 0.6 1.6 1.7 1.5 1.2 1.4
modulus in bending (kg/cm?) 13 % 10% 13 % 10* 13 x 10% 13 % 10% 13 < 10% 13 % 10° 12 % 10% 145 x 10% 146 x 107
impact strength (kg - cm/cm) 18 21 18 18 27 30 13 18 19
dispersed fiber length (mm) 4.1 >5 42 4.4 4.0 4.4 <1 4.5 >5
warpage small ~ small small~  small~ small ~ small very large small ~ small
(medium) (medium) (medium) (medium) (medium)
surface smoothness good good good good good good poor good good

We claim:

1. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition into a molded
article comprising the steps of:

(a) feeding a thermoplastic resin composition into an

60

injection molding machine, said resin composition
in the form of a pellet having a length of 3 mm or
more and containing 10 to 80% by weight, based
on the composition, of a fiber having a length sub-
stantially equal to that of the pellet and arranged in
the lengthwise direction of the pellet, said injection
molding machine comprising a cylinder, a screw

65

having a length to diameter ratio of about 7 to 15
disposed within said cylinder, and a nozzle at one
end of said cylinder, said nozzle having a diameter
of 6 mm or more, wherein said screw and said
cylinder define a feed section at one end of said
cylinder and define a screw channel depth of 5 mm
or more along substantially the whole length of the
screw and 7 mm or more at least in the feed section;
and
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(b) rotating the screw to displace the resin composi-
tion through the nozzle and into a mold for produc-
ing the molded article.

2. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition according to
claim 1, wherein said injection molding machine has a
screw compression ratio of less than 1.8.

3. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition according to
claim 2, wherein the injection molding is conducted
under conditions of a screw revolution of 20 to 50 rpm
and a screw back pressure of 0 to 50 kg/cm?.

4. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition according to
claim 2, wherein the injection molding is conducted at
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an injection speed or a screw advance speed of 0.2 to 1.0
m/min.

5. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition according to
claim 1, wherein the injection molding is conducted
under conditions of a screw revolution of 20 to 50 rpm
and a screw back pressure of 0 to 50 kg/cm2.

6. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition according to
claim 5, wherein the injection molding is conducted at
an injection speed or a screw advance speed of 0.2 to 1.0
m/min.

7. A method of injection molding of a long fiber-con-
taining thermoplastic resin composition according to
claim 1, wherein the injection molding is conducted at
an injection speed or a screw advance speed of 0.2 to 1.0

m/min.
* *® * x x



